Harmenlc Osclllator With Keying Elements T7961
S0V/109-5-3-15/2€

a two-cycle operation with swltching done by input
voltage in the shape of a rectangular wave (sinusoidal
wave can also perform the switching). Periodie DC
pulses over triodes JIT1 and [[T2 (Fig. 4a) can

be represented as a sum of DC current 10/2 and I

ag a rectangular wave wlth ampllitude 10/2. AC or
bcth arms are in antlpnase. On the other hand,
positive current directlon L andIp are opposite,

wlth reference to points ab (Fig., 4 b)." Consequently
constant components of bhoth currents add and pass
through point b while equlvalent AC osclllator is
connected between polints a and ¢, 1.e., directly or
through transformer, and 1s suhconnected to the
clrcult., This two-cycle dlagram has expressions
somewhat different from (4) and (6):

I, = Ey(r 4 0,20), (7

1= 0RR] (- 020),  (2/r2220,2). (8)
lard 8/ 14
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Fig. 3. Circult diagrams of an nscillator with
transistor: (a) transformer-connected load; (D)
load connected without transtormer.

"~ Card 7/]@; As 1in the basic diagram, the above 1s designed for
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Y1is the efficlency rate; P ls power consumed from
emf source. It follows from these equations that the
osclllator, working on the basic frequency, can be
represented as an eguivalent oscillator whose effective
emf and inner reslstance are WE/2VZ and r/0.8,
respectlvely., Oubput voltage ol the oscillator
(In relative units) changes with a change In the
load according to the expression

MIJU = (1—x) AR/ R.

2. Practical circuit diagrams of oscillators.
Transistor trlodes are excellent keying elementg:
internal resistance of powerful triodes (J[4-type)
is a fraction of an ohm. A diagram is shown In
Fig. 3 a,b.

Card 6/14
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where Uéb ig the constant component of voltapge Uab;
r 18 the total internal resistance of the source, the
choke, and the keyer, On the basis of (1) one can
write for a high-Q circuit (disregarding harmonics):

v B*I‘.,lf cosp o

V/1+ o o

3), I, can be determined. In the case
which alone is considered further)

From (2) and
. of resonance

I,=E[(r+08R), » (4
Power PR in the load reéistanc& R 1s
| Pp=EIl, - rl}= P, )
Card 524 " L08R/ 08R) (6)

APPROVED FOR RELEASE: 06/23/11: CIA-RDP86-00513R000204800029-6




‘Harmonic Oscilllator With Keying Elements 7’,796H1M 3t

SOV/164-5-3-15

£
L ——,

C

Uge

‘g;:
S
>

Flg. 2. (a) Basic dlagram of osclllator; (b) shape
pt voltage curve between points ab when (f 0; (¢)
ditto when('ID >0,

card 4/14
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This method of exalting harmonle oscillatlons in the
eircult 18 the base of the proposed generator, the
circult diagram of which 1s shown in Flg. 2a. Here

the key having a [freguency near or equal to that of the
cireult commutates the current source, conslsting in a
gource of direct emf E and choke Lch' As a result,

voltage bebween points a and b 1s quasl-rectified
(Fig. 2b and ¢). The constant current component 1s
determined from expression

B U g 11, 2

Card 3/714
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parallel, a voltage 1s developed which can be c¢x-
pressed as a serles of harmonic components:

U~y sing

€08 dmt cus Hat -

7 TEEQ T A T ()

[ e,
i ]/ ! i (“OT \)
WHERE
¢ = -—arclg ?331 : Q=RYCJL
A somewhat exaggerated shape of' the voltage curve is
shown in Fig. 1 (for the case (p-0). At a sufflclent
Q level this curve is nearly harmonic (harmonics
coefficient k~=1.7/Q)
1

” \/
Flg. 1. Shape of voltage curve in a clreuit ocxeited
Card 2/14 by rectangular current pulses.
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Harmonilc Oscillator With Keying Elements

parallel, a voltage 1s developed which can be cx-
pressed as a serles of harmonlc components:

1~ AR
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A somewhat exaggerated shape ol the voltage curve ig

shown in Fig. 1 (for the case ¢p-0). At a sufficlent
Q@ level thls curve is nearly harmonic (harmonics
coeffleient ke=1.7/Q)

/

Fig. 1. Shape or voltage curve I w cleeult oxeited
Card 244 by rectangular current pulses,
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Ll

Modern generators of harmonic osclllations using
electron tubes or semlconductors operate as a rule
under class B or C operating conditions. The Iinternal
resistance of the actlve element must be much higher
than the resonance resistance of the circult. Con-
slderable energy is lost in the active element. More
advantageous 1is the keylng operatlon under which the
reslstance of semiconductors, when open, 1s minimum.
While circuit diagrams for thig type of oscillators
(class D) appeared only recently, there arc none ror
generators of harmonlc coscillatlons wlth keying
elements. 1., DBaslc dlagram. When a rectangular
wave with amplitude I 1g applled to an osclllation
clrecult conslsting ol L, €, and R connected 1n
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the actual characteristic with sufficient accuracy.

(3) The duration of the front edge for rectangular-
shaped base pulse current can be caleulated with 10-15%
exactness. The trailling edge duration, a8 calculated,
is shorter than the actual. Empirical formula:

by = by ol | A 0,20 (= ()]

corrects the calculations to approximately 10-15%

accuracy. 'The error increases with increase of input
current, (4) Disagreement between theoretical and
experimental results 1s baslcally due to the influence
of the radilal electrical field in the base, whlch was
not considered at the derivatilon of the basic equation.
There are 7 figures; 6 references, 2 Soviet, 3 U.d.,
1 Japanese. The U.S. references are: W, M. Webster,
The Variations of Junction Transistor Current Ampli-
fication Factor With Fmitter Current, Proc. I.R.E.,
42, 6, 914(1954); E. 8. Rittner, Extension of the

¥ Mya Q- » S
Card 22/23 Theory of the Junction Pransistor, Phys. Rev.,
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above for plane trilodes. Bub in fused triodes (i.e.,
type 116) the emltter and collector have lens-type
conbours with varylng thicknens along the radius,

whilch causes an increase ol the elfectlive base wldth,
and of the coeffilclent of proportionallty between
charge Q and cuerent I, especlally pronounced in small

triodes., The following conclustons are drawn concern-
ing the operatlon of the plane transistor trilodes:
(1) The basic Eq. (1) describes with sufficient accuracy
transient processeg over a wilde range of currents. It
permits the qualitative evaluation of the nonlinear
dependence of the translent processes in trlodes in a
elrcuit with common base, on the trlode currents. The
influence 1s small, and therefore the calculations of
these processes can be made in linear approximation.
More exact 1s the equation for the case when the base
current is the input current. (2) The equation of
Card 21/23 static dependence Iy = £(1,) derived from (1) describes
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the potential difference in the base along the radius
is founds
”b £t

i e “)l¥
Na = S (29

Hence, the current dlstributlon density 1al
[p ) = (0) e, (2%

The variable jp (0) 18 connected to the current IP by
o

relationship:

Adrni (re)

0 {0) il
fp0) = mt e B
In 7’"; “.\.\u (re) q

The 1rregu1ar15{ of current density disftribution is

determined by u. For slow processes where dQ/dt
<< Ib the magnitude of AADu 18 lnversely

proportlonal to the static coefficient of amplifica-
Card 20/23 tilon /3 . The influence of radial field was analyzed
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(20)

where J(r) 18 average denslty of radial electron cur-
rent in the base; PO A A (A g /KT 18 average

conductivity of base (assumlng linear distribution of

1
hole concentration in the base); J,, is density of

hole current in base. Neglecting recombination it may
be stated:

L T

fosi ”““ﬁ[ir' (21

57.{‘8

Here r S5 e adius; I) = - is p £
e e is emlitter radius; Ib Ib ISR is part o

base current flowing through cylindrical surface of
W width and radius r . From (20) and (21) integrating,

Card 19/23
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TI6 trilodes proves a good agreement between experiment

and theory, with the maximum difference not exceeding
2~5%. 3. Discussion of Results and Conclusions. The
difference between theoretlcal and experlmental data

can be explained by the rigld Limltations lmposed at

the derivation of Eg. (19, calling lor a similarity or
hole concentration distributlion in the base for different
current strengths. In actual triodes this simllarlty

does not exlst; the major reason for this la the Inlluence
of the radial component of the electrical field Er’ the

magnitude of which depends nonlinearly on Q. An exact
golution of the radial fleld 1s connected witn serlous
mathematleal diffteultles, but [or an approxinate
avaluation of the effect of the radial fleld 1t 1s
possible to solve the problem for certain simplifylng
aasumptions. Assuming the emitter current denslity to

be Llndependent of the distanze v frowm the center ol

the emitler, the approximate law o7 potential difference
u distribution can be stated as:

Card 18/23
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Sawtooth-type pulges. Experiments proved the parabolie
shape of I = f(Ib). Coefflelents a and b of (3) were

determined from two pointg of the curve Ik i f(Ib),

drawn theoretically and compared with experimentai
results, For type TT6 triodes the theoretical and
experimental curves diffeped by 3-5% 1n the interval

of I, = 0-10 ma, and 10-350 ma. Baged on the measure-
ments of the tipe congtant of the transient smgl} slgnal
characteristio, the values or T were determined. Re-
Sults are plotted :n Fig. 7. It follows from formulas
(9) and (MS that T = TlefZ? . In accordance with the

above results ahout the mechanies or the processes 1n
the triode, this relation must be constant. The cupves
show this to be true £ omparatively wide range,
with exception or triodes TII1 ang I16, which show a
two~ op threefolgq Increase (¢ T rop an Increase of

Ib from 0.1 to 100 ma. Analysis of the leading and

Card 16/23 trailing edge for 2 rectangular-shaped pulse on type

00029-6
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rigid coupling between the input and output currents
of the triode I, = f(Ik). From (1) and (5) for these

conditiong:
(17

from which corditions of self-excitatlion for the in-
vestigated circuits follow:

¢(@) > (b x)a. (18)

The most Often encountered case 1s Iout =n Iy or
. R

@ (x) = nx. The self-excitation condition 18 n> b + x.
2. ExperImental Part. The above analysis did show
that the most pronounced dependence of the triode
characteristics on the signal level appears in circuits
with common emitter; therefore, the experiments were
conducted with this arrangement. All measurements,
including static characteristics I, = £(I ), were made
Card 15/23 by the pulse method, the varlable B@ing g?ven by long
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Pleg. . %, Collector curvenl pulse
form for a glven basce current
pulge form.

Card 104/23
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slegnal (d = xk/(xk L b) or
d = xb/(x‘ b b)); doty show experl-

mental results with several Lriodes:
?13 TI0A; :?; TIOB-13 (3) TIOL-i:
h) rI3s; (5) TIAL. ;

durations when the collector curree
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Fig. 2. Tralllng edge curves
for a clreult with common
emitter.

Card 12/23
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Static Characterlstles and Trancient
Procesgses in a Translstor Yeilode at
Large Signals

Fig. 1. Front edge curves
x/x) = £(@) for a elreuil

with common emltter.
Boundary curves are shown
geparately, so that they
coinelde at the 0.63 level.

Card 11/23
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afag = 0xp(~§

The front edge for « I ig desceribed by an ex-
s TN p
ponential

el === ex) [~ (27t ) (. (14)

These are only approximatlons, however. In the cireult
with common emitter the freont and trailing edge cuprves
are different from the exponential. [lgure 1 shows the
front edge curves for diflerent values of d = Xk/(xk +

+ b). The exponential and caleculated cur e for 4 e )
are also shown for comparison. The leading edge curves
differ only slightly from the exponentialey therefore,
the front duration can he characterized by the re-
spectlve time constant. Yhe trailing edge curves diflep
conslderably from the exponentials. cup. 0 tiuwe cone

i

Card 1023 stants are shown on Mg, 4o ¢l Leading and tratling edge
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The ratio of time cons
emitter and eipro

KIATEEE fa.

This formula agrees wit
developments. 1.

for the leading and
taking into cons

From (7) ex

-

L, = 0 but for
%)

1o L 214

e e L L
.

For a cirecult with common

with x 1z
Card 9/23 SRR
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These solutions are analyzed for three cases: (A) small
Jump on the background of a great constant component}

B) transmission of a rectangular pulse of the input
eurrent when the starting curvent in zeroy (C) front and
trailing edge in presence of saturation collector current.
A, Equation (7) shows that wlth decrease of the Jump
o/ the denominator tends to unity. If the magni-

X -~
tuge of“the Jump satlsfies the condition:

’Kk - xs,<3( b, the transient function for x 1s an
exponentilal:

_,..' ; =z
the time constant of which T1 18 decreasing with in-
creage of' the constant componegnt ¢

- 8——(2-’"1;4‘5!5’ ‘S)

1 )
Ty = f;flf?: s Tpomx, (9)

Card 8/23
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.

or solving it for x, and consildering that the final

5}
value of x, 18 1/2 (hb° + ke - b):

ey
T

sl [1ee
8l
For ¢ < 0 when b + 4 < 0, which is usually the case

when the triode 13 blocked by the base reverse current,
the solution i1s:

|

Card 7/23
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where k(k A) has the meaning of Q( O‘A or /3 EA

dependent upon whether the trilode 1s connected to a
circult with a common base or a common emitier.

and decrease with an increase of the collector cur~
rent’, especially é§ 2. 'The process of establishing
the triode collector current at the sudden change of
input current is described by Eq. (1), which, by sub-
gtitution of variables, can be reduced to a form con~
taining the minimum number of constants:

FHbtga=c | (3
Here x = AT, & = t/T, x' = dx/af andc = QI ,
where Iin corresponds to the input current magnitude

after the Jump. Solution of this equatilon with con-
sideration of the initial value of x(0) = x_ and for

) a8
b" + 4¢c > 0 1s:

Card 6/23
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the shape of a parabolai
Iin =z (b - aly) 1y,

(3)
For I, = I, the addendum bI (equal L/[3,) 1e the
surface and volume recombination current, and also
the electron current of the emlfter dhe to the

equllibrated congentration of electrons in the bage,
The addendum CLIﬁ corresponds to the electron current

through the emitter Junctilon, due to the surplus elec-
tron concentration in the base. Limltatlons imposed

on Eq. (1) and experiments proved the validity of the
above for CLIk < 0.2-0.3. The amplification coefflcients

for the diffebential .kzk and conatant current k are:

AIn 1 koo .l.'i - ! ("

b = R = i NTA S

Card 5/23
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was8 based on the following regularities and assumptions:
(1) The character of hole concentration distribution

In the base does not depend on the intensity of signal
(principle of similarity). {2) The effectlive diffusicn
ceefficlent, volume, lifetime, and speed of surifnoe
recombination are constant. (3) The electron component
of the emltter current 1s proportional to electron con-
centratlon in the bane at the emitter Junction. There
are no limltations ilmposed on the geometry of the plane
triodes. The equation cannot be solved in general form,
therefore the more interesting particular cases, for
which solutions are possible, are analysed: (1) static
characteristic I, = r(I, ); (2) process of establishing
the collector cugrent f%g a sudden change of input

current, I, = @ (t) for I,, = const; (3) transient

procesges In the ftrlode, operating in a civcult with
positlve rigld feedback, thot 1s, Ijn = Y(Ik).l. ‘The

‘ard 4/23 atatic relation between input and output currents has

APPROVED FOR RELEASE: 06/23/11: CIA-RDP86-00513R000204800029-6
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iﬂ

.

{lq -~ emitte cyrrent e
Iy ~bose curcent ’ g’

a la coefflelent of proportionallty between the elec-
tron current of the emltter I,, conneeted with the
gurplug charge ¢ in the holea“of the base, and

g}
& = N = T U 8] 3
L @y = L/I and B = 1,/1, for I, —0. On the

other hand, /20 = 1h/1* where T, = Q/Ib for I —»0,ind
Ib in this case is equal tc the sum of currents of
surface and volume recombination, and of the electron
current of the emitter, which is determined by the

equilibrium concentration of electrons in the base;
T, 18 effective 1ife of holes in the base; T = UL,

proportionality coefficilent between the exa
Card 3/23 and the collector current. The developmen

| N )
I O
P
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characteristics is used. Tt should provide an

explanation of such experimental facts as the relation
of the duration of the transient pProcess to the level

of the input signal, difference of risetime of the
leading edge of an output pulse from

» tting a large rectangular—shaped
input current pulse,etc. To solve this problem,

Egs. (9) and (10), derived in a previous.work, will

be used (Abdyukhanov, M, A., Berestovskiy, q. N.,
Kuz'min, V. A., "On the Calculation of Processes 1in
Transistor Triodes by the Charge Method," this Journal,
553,450 (1960)). These equations are written as one:

oy
T -{;,2— + (b + (!]H) 1): = [’h’

(

1eme of connection of the
all designate:

where, depending on the ol
triode, values Iinemd b sh

029-6
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Transistop Triode at Large Signals

PERIODICAL: Radiotekhnika i Elektronika, 1960, vo1 5, Nr 3,
pp 460-470 (USSR)

ABSTRACT: 1. Theory, Investigations of severa)] authors proved
that the relation between the input curpent of the
triode ang the collectop current is Nonlinear, determineq

‘ € nonlinear relation of the electron com-

ponent of the emitter curpent te the collector current
This nonlinearity Jomehow reflepts also on the transient
brocesses ip the triode, ang therefore 1t seems to be
lmportant to investigate these relations more closely,
Such analysis should provide the possibility of properly
evaluating the eTror which pesyults wien fop

Card 1/23 » " nals the lineay Interpretation op £l

large 8ig-
e transistop triode
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Triodes by the Charge Method SOV/109~5—3~13/26

Concluslone. The charge method belng convenlent ror
engineering calculations of problems of transistor
triode electronles is as valld tor slow processcs as
the known methods based on solutlon of continuity
equations. TFor many instances it 1o valid also for
processes wlth time constants close to the eritical
frequency. It 1s possible that this method, alter
some modiflcations, could be applied to calculatlons
of problems not only of fused, but also of drift
transistor triodes, There are 4 figures; and 21
references, 8 Soviet, 11 U.S., 2 Japanese, The
most recent or referred to U.S. references are: W.
Shockley, M. Sparkes, G. Teal, P-N Trans stor, Phys.
Rev., 83, 7, 151 (1951); J. Sparkes, R. Beufoy, The
Junction Transistor as a Charge Controlled Device,
Proc. I.R.E., 45, 12, 1740 (1957); F. G. Hyde, Some
Measurements of Commercial Transistors and Their
Relation to Thecvy, Proc., I.R.E., p. B. 105, 19. 45
(1958); L. D. Armstrong, C. L. C,rlson, M. Bentivedna,
Card 20/21 ?-N~P Transistor Using High-Emitfer-Efficlency Alloy
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voltage on the collector is caused by & load at the
utput e R, > Lb Lollows from (23) that:
output v, Lo Bys It rollows from (23) that

foen o
TG, (29)

which shows that wlth incresse of the load reslstance
the amp_lficatlon coefflelent per current drops.

Figure I shows comprehensively the change of collector
voltage with thickness of bage.

Flg. 4. Dependence of the
charge @ on the thickness of
the base zone W at constant
emitter current,

Flg. 4.

. . ‘ “ . .
. * i K |
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On.the Calculation of Processes in Transisiol
Triodes by the Sharge Method

model of the trilode;

&+ “’3”1)30& C e

g ’ C o8 e R
{4 wied 8 (=)

fuw = —
] 5
14 0¥,

where B, and CO are valuzs of the actlve part of the

output conductance and diffusion capaclty at low
frequencles, determined by:

. Aty IW

hos= i iy fan (27)
. W, o

v e, (28)

— ﬁ“‘) e
ARt
1 b av,
»

which colncide with the exact expresslons derived
from solution of the diffusion equatlon by J. M.

_ Early (U.S. ref). The expressions Cor output conductivity
Card 18/ 21 are valid up to the critical frequency. If the variable
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T = g -F Gy, {23)
where
- To )
& == pEge. — 9
T U ot (4)
1+ Sk oy,
P
1s the amplification coefflcient per current for

shortelrculted output given as approximatlion valid
up to the critical frequency and

v o 1 97 oy v 01 LA
G z?ﬁ:;i""v?éwﬁwa-%fﬂo“""5»“5’"" O

the output conductance, dependent on the modulation
of the thickness of the base zone. Separating the

" Card 17/21 actlve and reactlve part of Gk for the one-dimensional
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w0

SOV/109-5-5-13 /26
dQ 0

RS S
it 5, ! lvn_“‘ I

wlll be solved. For emitter curr

ent:

[y = Tyt iy exp ol
for collector current:

Lz d g 4 fgexp jot
Tor collector voltare:

Vi By o exy jo,
whore iko o Are vomplex
respective substitutic
calculated from (20

and v, smplitudss,  Arser
EaY

R4

the complex am;

Shude 1o
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Ao fwceosy) 4

i v et

which 1s close to the one given in Eq. (17). 3.
Caleulatlonol the vurrent ampllfileatlon coellflelent
and output conductance of the transistor triode wlth
consideration of the modulatlon of the base zone
thickness., A harmonically varying current with an
amplitude small as compared with the amplltude of tne
emitter blas current, is applied at the lnput of the
transistor trlode with a grounded base¢. Limlting
calculations to low injection levels, the modulation
of the base thickness il considered. All varlables
depending on time are assumed to vary harmonleally,
and to be small in wmagnitude as compared with variables
corresponding to a steady state. The equatlon of con-
servation of charge:

Carl 15/21

t -
i L .
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i
=25 1~ oy [~ ~‘-~°f’~‘~j}

p

(18)
here tq

U.s. ref'). Fron these exppg lows that”the

tollectop Current vapjeg W1th the time constant T*<:1%,

where the inequality Increagey W Rase of and

Ty he Influence of

transient chaPacteristi

(the authors pefep

J, Sparkes, R. Neaufoy,
Sulons ¢ fol

ith deep
thﬁaﬂectvon current op the

€ can be 1pnppeqg when Té/’tb;;lo cr;

: (19)
Usually 7 = 0.98 and (19) iq4
For valued cloge

Batisfieq when
of formyla 12) 1
Cmﬁl%@l

Y 20.998,
to one the index of the exponentia]

a e
a

! _ I
I . .
4
{
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'ze can be determined:

o T o= E‘P.? ’ (15)

The solution of (13) ta:

() = 1}31&;1 ~oxp (— 1/ (16)

Taking (15) into consideration and using the equation

w=1(1—y), We get:

(17)
Card 13/21
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2

N s T
hafry - Tvrosy ’ “”P{ [ 3 ‘ e ! ()
BT o o

» I~
The Lransient charae
12 now faloeulatog
cureent,

terlotle o) the
Fer moment {.

ernnlutmr—trlodw
JUmps from 0 to 1

0 At wihich ¢

bLhe bage
Yher Foroa smal; Slgnal in
(YL the secong term can pe lgnored, apg Eq. (9) can pe
written ag.

o - (13)
whepe

Ot (1)

Card 12/21 From the steady dlstribution o

holey the bise,
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On the Calculation of Processes in Transistor 77959 )
Triodes by the Charge Method SGV/109~;~3-13/2Q

Flg. 2. Transient characteristics of transistor triode
In a circult with a common base: (I) exact curve;
(II) calculated per (11).

Flg. 3. Hole concentration in the emitter base at
different times: (pl, Do p3) actual values: (pi,

P pé) calculated per (4).

This investigated example proves that for many practi-

cal cases relation (3) is valld and sufficlently

accurate; the same is true when the base charpe

varles with the time constant1fo‘TD. Flgure 3

shows the distribution of holes in the base at

different moments; since the calculated values (per 4)

are lower than the actual, the ISH and Ire are also

smaller than the actual magnitudes. But the influence
Card 10,21 of' the recombination current and electron current
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[N
[

B0Y/104~15-3-1% 26

Its solution io:

) = g 1~ UXp (-1 )], (10

whilch 1s very uf'ten used for bractical applications,

Filgure 2 shows the exact translent characteristic I

and the approximated II as calculated per (11), where

a pronounced difference may be seen at 0.2 7T
P

D*

Card Y/o1 Flg. 2 Fig. 3
See captlon to both filgures on Cara 1021
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d]“ . Ty Y P
T (H %, A agty | Lok sl = Jg. (10}

These condltlons are valld as long as charge Q
varles with sulflcient slowness in comparison to the

diffusion time ’TD. LU the charge varles with the

7 e

time constant T ﬁfTb, the charge method can g

conslderable crror. JTn some cases, however, the
method can st be used ay an approximation tor
gome fast processes.  Ag an example, the transient
characteristlc of & trlede with a common base for
small signals 1o investigated, N tter curreni
i

suddenly changes trom 0 to Lo @b mome Lo Q. Lo
g 3¢ 24

1o sought, Por simplicity

)

nhe emitter current I

e

1o lgrored. Fy. (1O} takes shape:
dl,
™ Al g,
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3 )
fnn ..f;‘!)—, ' W
n A RN

where ul A o, e cong b

the above expressions fo C1)y and taking into cong!-
devablon that 1 [« g { [ [
) I)k‘ { ‘ ’ T
the equations, whiiceh Logebhor with
£ vy de S deg g e - . i Ty y . 3

(_)) constitute the whole s necded
per charge method, are depiveds

de0) Q i

a bkl ey

T[{ ) L)
- _ i, I [ S P
7, + 1% ) Loyl 16.
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Triodes by theCharge Method 50?/@@3"3_3"13/Q£
ei'fectlve Lifetime Tp, Lhe
In= Tyt Ty =0 [

where
i

e,
Ty

5. ‘The emitter electron current car Le
through @, using first the equation:

gD 8 DS g () p, ()
Lia= —2en (0) gp Lo on on" WAL
1o L q( ) @ ne = I p‘!((,)“n,

Q

Since pG(O) = pp s equilibrium concentration of noles

In the emitter, nb(O) = Do+ p(0) sy oo g

Lo the neutrality condition in each
Card 6/21 and p, (0) = kG, By. (0 takes ships:
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3. 'The
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surlace recombination current L,

[ L'{

emitter junetlon?

1 proport

the hole concentrabion ot the

I‘L"H‘ ’ '[S"L;pf\(ﬂ)v

where o 1o surtace rocombinatlion speed, A,.;-i'f’“ Live

surt'ace

(h):

area whore rocombination Bchd on

oeoura.,

It is

const. 4,
zone pl%vn a lesper
volume T, s const
but de anAu on t!
levels.

T, -

volume recombling

tur

and

ther acsumed that o A, Consu,

also T,
(] v
recomblnation
role,  The 11
for low and
concentration
For practical purposes the
Jonst tor all levels. Combinmum ﬁhu

The volume

05 n
erﬂlu.
etion
Vo l LTIt
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gD lf).b 5 2D,

® = =105 Wa '

2 i @ o o
where T} = 1 - W /2L0 1o transfer coefflclent.
P

Therefore,
T = T [N (3)

o, Concentration of holes in the base at the emitter
junetion is proportional to the charge Qr

Py (0) = kQ. (@

This equation enables the determination of the relation
between the charge on one alde and the current of
surface recombination and electron current of the
emitter on the other. ,

0 a I"d ZL/ 21 }; P q»:\-”. .
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On the Calculation of Procenses in Transictor TT0sY
Triodes by the Charge Method 30V,/109-5-3-13/2¢

lgnored 1n comparison with the excess charge. Equatlon
(1) can be derived also by Integrating the continulty
equation:

W P

i @

p

over the whole volume V of base. In order 5o apply
(l) to practical calculatlions, additional conditions
relating the triode (working as an amplifier) currents
to the charge Q are needed. 1. Relation of collector
current to charge is given by,

Iy=0/w &)

where Tl is coefficlent depending on physical properties
of the bise zone of the triode. The distribution of
holes 1in the base 1 llnear and 7T, = const, For low

Card 3/21 .
injection rates:
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Triodes by thé Charge Method S0V/109-5-3-13/26
-

relations between currents in the triode and the surplus
charge carriers in the base, and analyzes the limits

of the application of the charge method. Calculation
examples help to evaluate its simplicity. 1. Basic
relationships. The equation formulating the law of
conservation of the full charge of holes in the base
(p-np-triode) is:

d?g == [pe— Lpu—Iva — Tgu. ()

where

Q=gq g {p— pn)dV
v
18 the hole charge iIn base of arbitrary volume V,
exceedlng the equilibrium charge; Ipy and ka are

hole currents of emltter and collector, respectlvely;
IVR’ ISR are currents of volume and surface recomblna-

Card 2,21 tion. Further, the equllibrium hole charge will be

APPROVED FOR RELEASE: 06/23/11: CIA-RDP86-00513R000204800029-6



77959
SOV/104-5-3-13 /26

AUTHORS Abdyukhanov, M. A., Berestovskly, G. N.,Kuz'min, V. A.
TITLE: " On the Calculation of Processes in Transistor Triodes
by the Charge Method

PERIODICAL: ?adiogekhnika 1 elektronika, 1960, Vol 5, Nr 3, pp 450-459
USSR

ABSTRACT: Introduction, The usual method of calculating the

electrical characterlstics of semiconductor triocdes
1s the solution of the continuity problem for the
minority carriers in the emitter, base, and collector
zoneg at certailn voundary conditions, which depend on
applied external voltages and currents (see W. Shokley,
M. Sparkes, G. Teal, U.S. ref). Although thlg ls
the most unlversal method, 1t ¢ften leads to complicated
calculations. A later method (J. Sparkes, R. Beaufoy,
U.S. ref) considers the semlconductor triode as a system
controlled by the charge of surplus minorlty carriers

- Card 1/21 of the base zone. The present paper lnvestigates the
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TITLE: ”ﬁéébrding Transistor Characteristics in the Saturation
Region

PERIODICAL: Pribory i tekhnika eksperimenta, 1959, Nr 5,
pp 141 - 142 (USSR)

ABSTRACT: Figure 2 shows the circuit, which used 50 c.p.S.
alternating current; the voltage applied to the base is
used to work the X sweep and the current provides the
Y deflection. The traces are photographed from the screcen
of the oscilloscope. Figure 1 shows some curves for powWer
transistors. There are 2 figures.

ASSOCIATION: Fizicheskiy fakul'tet MGU (Physics  Dept. of MGU)
SUBMITTED: August 31, 1958 L
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New Method of Pulse Excitation of the Occillations in a Resonant
Circuit (Loetter to the Editor)

circuit, acts as a
Gutputs having an amplitude of 10 V and a fre
1 Mce/s can be obtained from the ab
parameters haw the following value
C = 200 pF; Cl = 470 pF;

generator of non-damped oscillations,

quency of
ove circuit when its
g: B =12V,

L= 100 pH; R = 24 kQ,

B, = 1kl and R, = 0.12 MQ

SUBMITTED: January 19, 1959
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AUTHOR:  Berestovskiy, G.N. SOV/109=k-6-24/27
TITLE: New Method of Pulse Excitation of the Oscillations in a
Resonant Circuit (Letter to the Editor) (Novyy sposob
wdarnogo vorbuzhdeniyn kolobaniy v konture) (Pis'mo v

redaktsiyu)

PERIODICAL: Radiotekhnika i elektronika, 1959, Vol &, Nr 0,
pp 1061 -~ 1062 (USSR) :

ABSTRACT: It is pointed out that the sco~called ringing circuits
are usually based on an inductance as an energy-storage
element. It is shown, however, that the storage can be
effected more conveniently by wmeans of a capacitor since,
when charged, it does not require the current flow from
a source. This method of stering cannot be used in the
¢ircuits based on vacuum tubes in view of large intaornal
resistances involved. The method can be applied, however,
to the circuits based on transistor devices. A pulse-
excited ringing oscillator of this type is shown in the
figure on p 1061, In this, the transistor Tl serves as

a Itey, while the transistor Tz, together with the resonant
Cardl/2
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A Relay Switch

device is mounted on an absorbing substance (expanded rubber).
The input resistance of each of the cathode followers is

10 MSL. If the input capacitance ol the oscillograph is 50 oF,
the bandwidth of the device is aboub 12 te/s,  The oaciilo-
graph is synchronized by the external signal taken from the
input of either the first or the second channel, When the
switch is in cperation. it is possible to observe on the
sereern of the oscillopraph two faint curves, apart from the
two bright waveforms, This is due to the transient phenomena
of the switch., The second disadvantage of the switch is the
difficulty in displaying the signals having & frequency of

50 ¢/s or less, The paper contaias 2 fizures,

ASSOCTATION: Fizicheskiy fakul'tet MGU (FPhysice Dept. of the Hoscow
State University

SUBMITTED: February 6, 958,
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basic physical processes occurring in the transmission of
electric signals through transistors. Materlal 1s based on

the results of investigations made by the department of wave
theory at the physlces division of MGU, where samples of Sovlet
alloy-type translstors were used. No personallities arve mentioned
References follow each chapter.

TABLE OF CONTENTS:
Foreword

Ch. I. Physical Processes Occurring in Semiconductor

Triode Transistors Transmitting Electric Signals

1. Introduction

2. ,Elementary presentations of certaln problems of
transistor electronics

3. Certaln problems of p-n junction theory

k. Certain problems of junction transistor theory

5. Voltage and current equations of the transistor

b. Effect of base width modulation
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9(y) PHASE I BOOK EXPLOITATION S0V/3233

Az'yan, Yu. M., G. N. Berestovskly, L. N. Kaptsov, K. S. Rzhevkin,
and K. Ya. Senatorov

’
Poluprovodnikovyye triody v regenerativnykh skhemakh (Semiconductor
Triodes In Regenerative Clrcuits) Moscow, Gosenergolzdat, 1959.
311 p. 12,000 copies printed.

Ed.: S. S.. Akalunin; Tech. Ed.: @. Ye. Larlonov.

PURPOSE: Thls book 1s intended for sclentliflc workers and englneers
interested in problems of translstor application, and for
advanced students speciallzing in radlo physics.

COVERAGE: The book 1s devoted to investigatlon of physical pro-

- cesses occurring in transistorized feedback circults, including
generators of quasi-harmonic osclllatlons, relaxation oscillators
with transformer feedback (blocklng osclllators, converters),
and 1n relaxation oscillators with RC feedback (multivibrators,
triggers). The book begins with a systematic presentation of
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BERESTOVSKIY, G Ne

Ge Ne Berestovskiy, "Key operating regions of semiconducting triodes in resocnance pover
amplifiers.” Scientific Session Devoted to MRadio Day', lMay 1958, Trudrezervizdat,
Moscow, 9 Sep 58.

A computation is made of an amplifier in terms of o given frequency and output
ower. It is shown that violent oscillations, almost harmonic, in frequencies to 10 ~
5 ke can be obtained in II3B triodes. The maximum power given off in a load wvith I13B

triodes is about 15 w and with II4 triodes, about 60 - 80 W for a supply voltage of
U=12V7.
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A Pulsed "ohapucterosraph” for Flone (Junction) Seniconductor

Triodes,
to the base circult, The duration of the pulses can be
varied from 20-100 psec. Mhe characteristic is displayed
on a CRT, the beam being deflected by a voltage proportion-
al to the collector current. The block diagram is piven in
Tig.2 and the circuit in Fig.3., The rectanpgular and Sov-
footh current pulses are obtained from corres onding volt-
age pulscs by the power amplifiers (&l and\neg in the

cathodes of which are connected the primary yindings of
'I.‘Ul and TU2 . The secondary windings are connected

through variable resistors to the seni-conductor electrodes.
Mhe transformers are Necessary to permit change of the
polarity of the vulses to the input circuits of the seni-
conductor triodes when the circuit connections (common base
N COWMON enitter) are chansed by switch lTi. Smooth

chanze of the pulses from 7¢TO £o maximum amplitude is ob-
tained by varying the bias applied to the grids of the an-
plifiers. The nositive rectangular pulses are vroduced by
a triggered vibrator QR6). The positive sawbooth pulses

are produccd by two pencrabors: one gencrator Fiving an

APPROVED FOR RELEASE: 06/23/11: CIA-RDP86-00513R000204800029-6
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A Voltage Converter Employing High Power Transistors.

converter may not oscillate if it feeds into a rectifier with
& caepacitive imput filter., It ig therefore necessary to

use an input inductance followed by & cepacitance,

There are 10 figures, 3 of which are sets of oscillograms,
and 5 references, of which 3 are Slavie,

JASSOCIATIO}\I: Physics Faculty of the Moscow State University
im, M.V, Lomonosov (Fizicheskiy Fekul'tet Moskovskogo
Gosudarstvennogo Universiteta im, M.V.Lomonosova),

SBMITTED: February 25, 1957,
AVAILABLE: Library of Congress.

Jard 5/5
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A Voltage Converter Employing High Power Transistors,

equation for the collector current ig found (see Eq, (13)),
From the above 1t 1s found that the rise time of the change-
over measured over voltages from 0.2 E to <E is given by:

2.3v r
8x0
¢ nx R / n
3 H
is the input resistance of the transistor ang T is the fail
time determineg €Xperimentally for g glven transistop (T is
of tue order of 40 It is also shown that the oscillat.
ion (or self—excitation) condition for the system is given by:
nr'ex
JiH *;;-““' » from which it follows that the

System cannot start oscillating if it ig fully loaded, It

is possible, however, to initiate the oscillation by insert-

ing & capacitor of about 0.3 uF between the collector ang the
Card i/sbase of ome of the transistors, It is also found that the
ar

6.

204800029-6
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A Voltage Converter Employing High Power Transistors,

state. Duration of the slow process is primerily determined
by the inductance of the transformer and by the type of the

transistor characteristics in the saturation region, For the
analysis of the system it is assumed thst its u, = f(ig) at

1, = const and ug = f(ig) et 1) = const oan be approximated
by broken straight lines (see Figs.3), where LA P
and 1. are the collector and the base voltages and

currents respectively. The equivalent circuit of the system

for tgg s:éow proces?eshis derived (see Fig.4) angiit is shown
¢ durati is :

that the duration of the pulses is given by 2, Iy , (9)

where ];1\‘:- 1s the equivalent inductance of the transformer,

E is the supply voltage and Jy 1s the limiting value of

the magnetising current (determined by a point on the line
N - N in Rigs.3), It is also shovn that the output power of
the ‘system is given by:

APPROVED FOR RELEASE: 06/23/11: CIA-RDP86-00513R000204800029-6
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AUTHORS:Berestovskiy, @,N, and Senatorov, K.Ya,

TITLE: A Voltage Converter Etploying High Power Transistors
(Preobrazovatel' napryazheniya na moshehnykh poluprovodnik-

109-9-11/15

PERIODICAL: Radio%tekhnika i Elektronika, 1957, Vol,II, Nr 9,

ARSTRACT: The converter employs two Soviet power transistors, type
Q3B, which are connected in a pushpgull oscillator circuit
& triple transformer
ed to the collectors
of the transistors and the base voltages are provided by
two special identical windings; the load is connected across
& secondary winding, During the operation of the converter
the transistors are being successively opened or closed.
While ons of the transistors is being cut off,

the voltage

B at the base of the second transistor changes its polarity
N and thus the tramsistor becomes conducting,

B process i3 comparatively rapid., After the changeover the
currents in the system change comparatively slowly since
the magnetising current in the transformer, j
rather slowly. At a certain value of j the
the current ceases and the system changes over to the second

The changeover

y increases
increase in




' AID P - 4542
* Radlotekhnika, 3, 34-40, Mr 1956

Card 2/2  Pub. 90 - 5/9

initlal phase. Twelve diagrams and osclllograms, 2
Soviet references (1952, 1954).

Institution : None
Submitted : Ja 29, 1955
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AID P - 45h2
Subject : USSR/Electronics
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Authors + Voronin, E. S. and G. N. Berestovskly

Title :  Synchronization of a self-oscillator wlth radlo-frequency
impulses.
vol.tl,
Periodical Radiotekhnika, , 3, 34-40, Mr 1956

Abstract . The authors investigated the problem of establishing
corditions for the synchronization of gelf-oscillating
systems subjected to the action of radio-frequency fmpul-
ses which have a carrier frequency close to the frequency
of harmonic self-induced oscillations. The authors stud-
1ed the problem analytically and established the phasge
and amplitude of the self-oscillations. They then checked
the results experimentally for a frequency of 1Mc and
found that these corresponded closely with the theoretical
ones. They conclude the article by stating that the time
of synchronization depends 1in a high measure on the

APPROVED FOR RELEASE: 06/23/11: CIA-RDP86-00513R000204800029-6



USSR / Radiophysics, Application of Semiconductors, I-8

Abs Jour i Rer Zhur - Fizika, No 5, 1957, No 12600

\

¢ usable flat pulses it 18 necessary to increase the trang.
formation coeffioiant and 1o introduce into the collector
oirouit an additional resistance or industanoe, During the

role iy played by the external parameters of the cirouit
& expression is derived for the tradling front of the ool
lootor voltage,

The calculated data are confirmed experimentally,

Card s 4/a
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USSR / Radiophysio;s. Application of Semiconductors I8

Abs Jour Ref Zhur - Fizika, No 5, 1957, No 12600

¢ delay of the tra.nsistor,, This ig why caloulation of the
leading front is firgt carried out wi ¢ allowance fop only
8 time delay, followeq by Succosaive approximationg op
the influence of the leakage induo tance of the transformex',.
of the ¢apaoi tance of the blooking nerator, of the capa~
¢itance of the collector Junetion, gng of other cirouit pa-
rameters on the time of front formationo In view of the
fact that the linearization of the transig tor characteri g~

the peak of the Pulse, analysig Wwith the aid of quasi-ghg.
tionary characterigtiog and the plotting of the dymami s
charactorigtiq ig employed for thig stage, The analyeis
showsg that, in the cage of ) transformtion coefficient

R = l, pulses with flat peaks are possible only at smal]
SUpply voltages (1 - g volts), To obtain Practically

Card : 3/4
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Sonneotion, thig e

It is shown
that, for stable operation of the bloekd
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duce in sych 8 cirecuit an addi tiona]l, biasg
tter or bage oircuit, The duration of the
the pulse depends subst&ntially on the time
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BERESTOISKIY, G N

{ A
of Semiconductors.,

ugsR / Rediophysics, Application

Abs Jour 8 Ref Zhur - Fizlks, No 5, 1957, No 12600

1 Senatorpv, K. Yo, 5 Berestovskiy, G.No

' Author
w»
Inst : Physics Facul%y, Moscow State Univeraity, USSR
Title s Analysis Processes in & Tra.nsisborized Blocking (ranerator

Orig Pub 1t Rediotekhn, i alektronika, 1956, 1, Mo 5, 6654669

Abstract ¢ Using & grounded-emit’cer circuit as an example, s8It analy=-
gis is made of the physical processes in a blocking gene-
rator, With this, the tofwl cycle of osoillation ig hro=
ken up into the following four stages: resherging the ca-
paci tor, formation of the leading front of the pulse, for=
mation of the peak of the pulse end formation of the trai-
1ing front of the pulse, This nakes it possible to em-

ploy at all stages, with the exception of the gtage where
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BERESTOVSKIY, G.G.

Strip arrangement of field crops, Zemledelie 25 nc,9:78~84 S 163,
(MIRA 1629)
1. Pavlodarskeya sel'skokhosyaystvennaya opyinaya stantsiya,
(Strip cropping)
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BERBSTOVSKIY, A,, prepodavatel!

Models of measuring instruments, Prof.~tekh, obr, 12 n0,9:
24-25 S 14l (MIRA 14:11)

1, Tekhnicheskoye uchilishche No.2, g, Sumy,
(Measuring instruments-—todsls)
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ROMANOVA, L.V., kand,biol,nauk; BERESTOVSKAYA, S.S.

New indices for the quality evaluation of sunflower seeds,
Masl,~zhir.prom, 28 no,2:12-1, F 162, (MIRA 15:5)

1. Vsesoyuznyy nauchno-issledovatel'akiy institut zhirov,
(Sunflowers)
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GOLDOVSKIY, AM., doktor tekhn, nauk; BERESTOVSKAYA, S.3
) ade

Proteic and nonproteic nitrogenpcont&ining substance

and changes in proteins taki
prom, 27 no, 4:22-25 Ap lél.ng place during product

8 of flaxseed,
on, Mesl,-zhir,
(MIRA 14:4)

1, Vsesoyuznyy zaochnyy institut pishchevoy promyshlennosti,

(Flaxseed)
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GOLDOVSKIY, AdMey doktor tekhn, naulk; BERESTOVSKAYA, g.9
Micilage and other carbohydrates of £y

under industria] conditiong, M8l p=zhiy,
Mr 161,

Beeds, and theip behavior
broms 27 no,3:21wp%

(MIRA 14:3)
1, Vsesoyuznyy zaochnyy institut pishchevoy promyshlennogti
(for Goldovskiy)

>

( Macilage) (Fls.xseed)
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SHKOL'NIK, L.M., kand, tekhn, nauk; BERESTOVOY, Ye,I,, inzh.,
retsenzent; SARANTSEV, Yu,80,"Inzh,, red.; KNITROVA,
N.A., tekhn. red,

{Increasing the strength of the axles of the rolling
stock] Povyshenie prochnostl osel zhelezrodoroshnoyo
podvizhnogo sostava. Moskva, Izd-vo "fransport," 19oi.
223 p. (MIRA 17:3)

I lv
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SHANOV, I.F., kand., tekhn, naukj KUZNETSOVA, V.M., inzh.;
KUCHUK~YATSENKO, S.I., kand. tekhn, nauk; VOHOB'YEV, A.A.,
inzh.; BUL'BA, T.G., inzh.; DOTSENKO, V.Ye,, kand, tekhn.
nauk, retsenzent; DOTSENKO, V,Ye., retsenzent; SHIYANOV,
1.A., inzh., retsenzent; BERESTOVOY, Ye.I., inzh, » red.;
KHITROVA, N.A., tekhn.red,

[Equipment for rail welding] Oborudovanie dlia svarki rel'sov.
(By] I.F.Sharov i dr. Moskva, Transzheldorizdat, 1963, 266 p.
(MIRA 17:1)
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MIKIASHEVSKIY, Sergey Nikolayevich, imsh.; OSIPOV, Konstantin Dmitriyevieh,
inzh,; BERESTOVOY, Ye.I., inzh., red.; BCBROVA, Ye.N., tekhn,

e ey,

red, S

[Use of rylon parts for locomotives] Primemenie kapronovykh de-

talel na parovozakh; opyt depo Gomel' Belorusskol zheleznoi dorogi,

Moskva, Vses., izdatel'sko~poligr, ob'edinenie M-va putel soobshche-

niia’ 19610 50 Pe (MIRA ].4:8)
(White Russia—-Locomotives) (¥ylon)
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KIYAN, Dmitriy Moiseyevich, insh,; BERESTOVOY, Ye,I., ingh,, red.;
. KHITROV, P.A., tokim.red, = ©

[Handbook for welders repairing locomotives] Spravochnik

svarshchila po remontu lokomotivov., Moslva, Gos.transp,

ghel-dor,izd~vo, 1959, 335 p. (MIRA 12:6)
(Bocomotives--Maintenance and repair) | (Welding)
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SHEPELEV, Yasiliy Nikolayevich; OBUKHOV, Aleksandr Yasil'yevich; BERESTOYOY,
Ye.J,,ingh., retsenzent; ABRAGAM, s.R., ingh,, red.; BOBROVA, Yo, N.,

tekhn.red.

{Welding and building-up of rails and railroad frogs] Svarka 1
naplavks rel'sov i krestovin, Moekva, Gos, transp,shel=-dor.
izd~va, 1953. 179 p. , o (MIRA 13:2)
(Reilroads--Rails~~Welding)
(Rsilroada-~-Maintenance and repair)
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SOV/137-58-11-2261¢
The Effect of Welding Stresses on the Strength of Metal Structures

structural members operating under compression; the possibilities and methods

of utilizing WS for purposes of improving the durability of welded structures. etc,
V. K.
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. SOV/137-58~11~22616
Trahslation from; Referativnyy zhurnal, Metallurgiya, 1958, Nr 11, p 114 (USSR)

AUTHOR: ‘ Berestovoy, Ye. L

TITLE: The Effect of Welding Stresses on the Strength of Metal Structures
(O vliyanii svarochnykh napryazheniy na prochnost’ metallicheskikh
konstruktsiy)

PERIODICAL: Byul. tekhn. -ekon. inform. M-vo putey soobshch. SSSR, Nauchno-
tekhn, o-vo zh. ~d. transp., 1957, Nr 10 {24) pp 93-96

ABSTRACT: The problem of the effect of welding stresses (WS) on the strength
of metal structures was examined at the June 1957 conference of the
coordinating committee of the Metallurgy Institute of the USSR
Academy of Sciences for scientific-research work in the field of
welding. The 14 reports discussed dealt with the results of experi-
mental and theoretical work carried out by the Institute for Elec-
trical Welding im. Ye. O, Paton, the LPI (Leningrad Polytechnic
Institute im, Kalinin), the LKI (Leningrad Shipbuilding Institute),
the MVTU im. Baumana (Moscow Higher Technical School im.,

N. Ye. Bauman), the MIIT (Moscow Institute of Railroad Engineers

Card 1/3 im. L V. Stalin), the TsNIIMPS (Central Scientific Research
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NOVIKOV, Vladimir Nikolayevich; IVANOV, Georgly Fetrovich; SAVUKOV,
Viadimir Pavlovich; BRRESTOVOY, Ye.I,, inzhener, redektor;
BOBROVA, Ye.H,, tef PR

LBlectric sperk bardening of locomotive parts; practices of the

Moscov depot of the Moscow-Kurslt-Yonbass rallroad) Blektroiskrovos

uprochnenie detalei parovosov; opyt depo Moskva Moskovako-Kursko-

Yonbasskoi dorogt. Moskva, Gos.tranap.:hal»dor.izdavo, 1957,

50 p, (MLRA }0:7)
(Locomotives--Bepairs) (Blsctric spark)
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